Evaluating bank performance on a yearly basis and making comparison among banks in certain time intervals provide an insight into general financial state of banks and their relative position with respect to the environment (creditors, investors, and stakeholders). The aim of this study is to propose a new fuzzy multicriteria model to evaluate banks respecting relative importance of financial performances and their values. The relative importance of each pair of financial performance groups is assessed linguistic expressions which are modeled by triangular fuzzy numbers. Fuzzy Analytic Hierarchical Process (FAHP) is applied to determine relative weights of the financial performances. In order to rank the treated banks, new model based on Fuzzy Technique for Order Performance by Similarity to Ideal Solution (FTOPSIS) is deployed. The proposed model is illustrated by an example giving real life data from 12 banks having 80% share of the Serbian market. In order to verify the proposed FTOPSIS different measures of separation are used. The presented solution enables the ranking of banks, gives an insight of bank's state to stakeholders, and provides base for successful improvement in a field of strategy quality in bank business.
Introduction
In an economic theory and practice role of banks can be defined as mediator between the ones with capital surplus and ones in need of capital. A modern competitive environment, globalization, and an unstable financial market have created a wave of important changes in banking sector of each country. The problems that can occur in banking sector [1] directly influence the stakeholders as well as the general economy. Respecting this fact, it is very important to ensure and maintain performances of banks in such manner that banks can contribute in sustainable development of each economy country and overcoming crisis. Assessment of performances may be considered as a significant issue in different organizations on the level of different processes and activities [2] . An assessment of bank's performances, as well as final analysis, needed by both internal and external beneficiaries of information, is very significant for different stakeholders. This is a reason that considered problem has become a topic of research in the last decades.
Improving of bank business strategy can be achieved by managing bank performances, financial and nonfinancial. Analysis of financial performances (FPs) is in its base ratio analysis, which uses financial reports. They give information on capital, capital resources, income, disbursement, gained results, and cash flow. Many researchers suggest that nonfinancial performances can be reflected on financial tables in the long term and lead to a more realistic evaluation of a bank's financial standing [3] . In this paper, FPs and earning capacity of banks are taken into consideration.
The purpose of this study is to propose fuzzy model based on FPs for evaluation bank operating, that is, determining bank performance or financial standing. Theory and practice offer the whole set of techniques and methods of banks evaluation. As is known, it is impossible to manage what cannot be measured. However, measurement of bank performances is the most important activity of bank management team.
As changes in the business environment, especially in financial market, are rapid and continuous, relative importance of FPs cannot be expressed with an exact numerical value. It is easier, for decision makers, to express the subjectivity and imprecision of their assessments by linguistic expressions. The concept of linguistic variables is introduced by [4] ; it is very useful in dealing with situations, which are too complex or not well defined to be reasonably described in conventional quantitative expressions [5] . These linguistic terms can be modeled by using the fuzzy sets theory [5, 6] which allows the available information to be represented with the granularity [7] . As it is known, processing of information granules (complex information entities) during the process of data abstraction and derivation of knowledge from input data is defined as granular computing [7] .
The fuzzy set theory provides a strict mathematical framework in which vague conceptual phenomena can be precisely and rigorously studied [5] . To outperform competing bank institutions, it requires more emphasis on internal operational performances. This means that it is imperative to develop an effective way to conduct performance evaluations which can measure the overall organizational performance and link it to the corporate goals.
The considered problem can be stated as a multicriteria decision making problem (MCDM) under uncertainties. MCDM refers to finding the best opinion out of all feasible alternatives in the presence of multiple, usually conflicting decision criteria. The necessity of applying MCDM models in the field of financial decision making is supported by the fact that over the past decades the complexity of financial decisions has increased rapidly [8] . The most commonly used MCDM methods for ranking problems in various domains are AHP [9] , TOPSIS [10] , and the combination of the two MCDM methods. These two methods are used in this paper.
The paper is organized as follows. Section 2 presents the literature review. The basic definitions of the fuzzy set theory and modeling of uncertainties in the relative importance of FP groups are presented in Section 3. In Section 4 the proposed fuzzy TOPSIS approach is introduced. Section 5 represents the application of the recommended algorithm with real-life data. Finally, Section 6 sets the conclusions.
Literature Review
There are a large number of papers, found in literature, realized by different methods to measure of bank's performances and ranking of banks. The conventional Analytic Hierarchical Process (AHP) [9] is the most widely used method. Making strategy decisions in a bank with applying both basic and adjusted AHP application models is very significant issue [11] . In that manner, AHP application with specific reference to banking could be used in the finance sector [12] . In banking sector, usage of AHP application is growing, especially in the situation of global financial crisis. Many authors analyzed the bank performances using AHP with the financial and nonfinancial performance criteria [13] .
The use of conventional AHP with discrete scale is simple and easy, but it is not sufficient considering uncertainty associated with the mapping of one's perception to a number [14] . Decision makers express their judgments far better by using linguistic expressions than by representing them in terms of precise numbers. These linguistic expressions are modeled by using fuzzy sets theory [5, 6] . In other words, the relative importance of criteria and the preference of alternatives under each criterion are stated by fuzzy pairwise comparison matrices. FAHP enables mapping human perception to a particular number or a ratio and also considering the vagueness in the decision making process.
There are a vast number of papers to be found in literature which use fuzzy AHP (FAHP) method for evaluation and ranking of banks. The evaluation and rank of Turkish banks with respect to many financial and nonfinancial performance criteria are performed by using FAHP [15] . It could be assumed that increased competition among banks and the liberalization of policies helped many institutions to take up the banking business [16] . The rank of banks can be obtained by applying FAHP.
Some researchers solve decision making problems in financial sector, especially in the field of banking, by using TOPSIS method. Prioritizing different kinds of accounts in banks, objectives, alternatives, and criteria can be established from literature review and judgements of bank managers. The TOPSIS/fuzzy TOPSIS [17] [18] [19] are widely used for ranking of entities in different research areas [15, 20, 21] . A brief literature review of [22] [23] [24] [25] [26] [27] is presented as follows.
In the analyzed papers, the relative importance of attribute is assessed by decision makers that use predefined linguistic expressions. Modeling of these linguistic expressions is based on the fuzzy sets theory. Some authors [17, 18, 25, 28] suggest that the relative importance of attribute can be obtained by direct way. In these papers, determining weight of vectors is stated as fuzzy group decision making problem. In [17, 18, 25] it is assumed that decision makers have equal importance so that the aggregated weight of each attribute can be obtained by using fuzzy averaging method. In [22] a new aggregation procedure is developed. This procedure is applied for calculating of aggregated weights of attributes in [23, 28] . In the rest of the analyzed papers, rating relative importance of attributes should be based on the AHP framework. It appears that the determining of the relative importance of attributes is more reliable when they are obtained by using pairwise comparisons than when they are directly obtained. It is easier to make a comparison between two criteria than to make an overall weight assignment. The weights of considered attributes may be calculated by using the different procedure. In [18] , the weights of treated criteria are obtained as the average of the elements of each row from the constructed fuzzy pairwise comparison matrix of the relative importance of attribute. The geometric mean was used in [24] for calculating relative importance of treated attribute which is proposed in [29] . In the rest of mentioned papers, the vectors weights of considered attributes are given by using approach for handling of FAHP which is developed in [30] . The obtained values of vectors weight are not fuzzy numbers [31, 32] .
If the values of attributes for considered alternative can be obtained by direct measuring, then these values may be described by precise numbers. This assumption is introduced in [15, 26] . If there is a need, simultaneously, both crisp and uncertain criteria in the considered problem [23] may be analyzed. Under uncertain environment, it is relatively difficult for decision makers to provide exact precise numerical attribute values for treated alternative. Because of that, in the rest of analyzed paper, these values are described by linguistic expressions. These linguistic expressions are modeled by (a) triangular fuzzy numbers (TFNs) in [18, 20, 21, 25, 27] and (b) trapezoidal fuzzy numbers (TRFNs) in [17, 23, 24, 28] . The domains of defined TFNs and TrFNs belong to different interval, such as [0-1] (analogy by [18, 24] ), [0-10] (analogy by [17, 20, 28] ), and [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] (analogy by [25] ), [1] [2] [3] [4] [5] [6] [7] [8] [9] (analogy by [21, 23, 27] ).
As criteria can be benefit and cost type and values of decision matrix can be introduced by different units, it is necessary to perform their normalization. By using the normalization procedure the values of decision matrix are mapped into interval [0-1]. In this way, these values can be compared. Crisp values of alternatives are normalized by using vector normalization procedure in [15, 26] and linear normalization procedure in [23] . Normalization procedures are presented in [33] . In all analyzed papers, the normalized uncertain values are obtained by using linear normalization procedure which is proposed in [34] .
Identification of the set Positive Ideal Solutions (PISs) and the Negative Ideal Solutions (NISs) is performed in [15, 26] according to the procedure which is given in conventional TOPSIS [10] . The most likely used technique for defining Fuzzy Positive Ideal Solution (FPIS) and Fuzzy Negative Ideal Solution (FNIS) is proposed in [35] and it is used in [19, 24] . Authors [17] have developed a new approach for determining FPIS and FNIS. In the rest of analyzed papers [18, 20, 21, 23, 25, 27, 28] , FPIS and FNIS are determined in compliance with the method for comparison of fuzzy numbers.
Calculating separation measure of each alternative from PIS and NIS is given by using n-dimensional Euclidean distance in [15, 26] . The separation measures of each alternative from FPIS and FNIS are obtained by using (a) vertex method [22] applied in [19, 20, 25, 28] , (b) the proposed expression for the distance between two fuzzy numbers [36] applied in [18, 21, 23, 24] , a new approach in [27] , and (c) a novel fuzzy distance measure which has been analyzed in [37] and applied in [17] . The total separate measure of each alternative from PIS/FPIS and NIS/FNIS can be calculated as sum of all obtained separate measures from PIS/FPIS and NIS/FNIS. Determining closeness to the ideal solution is based on the total separate measures. The rank of alternative corresponds to closeness coefficient. The selection of existing or development of new approaches, for calculation of separation measures, have become important, because of the importance in choosing the best rankings. 
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Modeling of the Relative Importance of FPs
Rating of the relative importance of FPs over time is based on uncertain and imprecise knowledge by financial experts from banking and economy sector. Relative importance of the considered FPs does not depend on banks and it rarely changes. They involve a high degree of subjective judgments, knowledge, and experience of financial experts. It can be assumed that it best suits the nature of human decision to make a comparison between two FPs than to make an overall relative importance assignment. The financial experts express their judgments far better by using linguistic expressions than by representing them in terms of precise numbers. In this paper, the fuzzy ratings of financial experts are described by the linguistic expression modeled by fuzzy sets [5] . A fuzzy set is represented by its membership function which can be obtained by using different approaches. However, subjectivity in determining the membership function has been considered as the weakest point in the fuzzy sets theory. In the papers which can be found in the literature, triangular and trapezoidal functions are widely used because of the fact that they offer a good compromise between descriptive power and computational simplicity. It is shown that fuzzy sets of higher types and levels have not yet played a significant role in the applications of the fuzzy sets theory [38] .
In this paper, AHP framework is used to state relative importance of FPs. It is assumed that financial experts assess, considering variables using predefined linguistic expressions which are modeled by triangular fuzzy numbers (TFNs), = ( ; , , ) with the lower and upper bounds , and modal value , respectively. Table 3 The normalized decision matrix Granularity is defined as the number of TFNs assigned to the relative importance of FPs. In this paper, with respect to the type and size of the considered problem, and opinion of [39] , it is assumed that the five linguistic expressions at the most were assigned to the existing linguistic variables.
As it is known, there are different locations in the universe of discourse. In this case, values in the domain of these TFNs belong to a real set within the interval [1] [2] [3] [4] [5] .
Fuzzy rating of financial experts for each pair of treated FPs is described by linguistic expressions which can be represented as TFNs:
Very low importance:̃1 = ( ; 1, 1, 2).
Low importance:̃2 = ( ; 1, 2, 3).
Moderate importance:̃3 = ( ; 1.5, 3, 4.5).
High importance:̃4 = ( ; 3, 4, 5).
Highest importance:̃5 = ( ; 4, 5, 5).
The vectors weight of FPs is calculated by approach for handling FAHP which is developed in [29] . The used approach has number of advantages over the traditional FAHP [30] which is used in the above analyzed papers. Some advantages are allowing more reasonable description of the decision making process and reflecting the thinking style of human; extent analysis method cannot estimate the true weights from a fuzzy comparison matrix and has led Mathematical Problems in Engineering 5 to quite a number of misapplications which may lead to a wrong decision to be made and fuzzy matrices cannot be constructed [39] .
Proposed Methodology
The issue of bank ranking is very significant for top management of each bank and for enterprises that have business relations with analyzed banks, too [40] . The banking sector priorities were improving the capital base, time and exchange restructuring of funds with placement structure, and efficient management of both the level of bank exposure to possible risks and the quality of invested funds.
The conditions for harmonizing regulative with Basel II standards were obtained as a consequence of market liberalization, setting up the financial stability of the system, banking industry restructuring and its capital strengthening, advancing supervision function, and introducing international accounting standards. However, it is important to point out that it requires time, not only for regulative harmonization, but also for harmonizing home banks' practice with qualitative and quantitative qualification standards for capital models application and its dynamics.
According to the real practice data, it is known that the most significant business goals of enterprises may be realized only if there is solid cooperation between enterprises and banks. In that manner, the selection of business bank is one of the most significant tasks of top management in any enterprise. This decision can be made by top managers with respect to the rank of considered banks.
In this paper, a new integrated fuzzy multicriteria model for ranking of banks is proposed. Since, the rank of banks is obtained by the exact way, the obtained solution is less burdened by subjective attitudes of decision makers, so it may be assumed that this assumption increases the correctness of solution.
The considered banks are formally presented by set = {1, . . . , , . . . , }. The index for a bank is denoted as , and is the total number of considered banks.
In general, FPs are defined according to the literature and results of good practice. Formally, the FPs are presented by set of indices = {1, . . . , , . . . , }, where is index for FP and is the total number of treated FPs.
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Mathematical Problems in Engineering The fuzzy ratings of the relative importance of each pair of FPs are performed by financial experts. It may be assumed that managers of banking sector and main managers of enterprises have the same opinion of FPs' importance. This assumption is based on the fact that bank managers strive to have increasing number of clients so they could put more money on market. On the other hand, enterprise managers strive to decrease the risk of realization of business goals, which may be achieved by selection of the most appropriate bank.
The evaluation of FPs can be performed through predefined key performance indicators (KPIs) which are presented by the set of indices = {1, . . . , , . . . , }. The total number of KPIs of FP , = 1, . . . , , is , and is the index of KPI. The KPI values are determined according to financial reports. The KPIs values are given from reasonable financial report. In this paper, treated FIPs can be benefit type and cost type. These values have different units of measures. By using vector normalization procedure [33] , the KPI values are mapped into interval [0-1]. The normalized value of each FP , = 1, . . . , , is calculated by using averaging operator. Calculating of the elements of fuzzy decision matrix is based on using fuzzy algebra rules [5, 6] . These elements are given as product of vector weights of FPs and matrix of these normalized values.
FPIS and FNIS are determined according to the weighted normalized fuzzy decision matrix by using method for comparison of fuzzy numbers in [41, 42] .
The distance from FPIS and FNIS is determined by using several different approaches presented in the literature. We considered separation measures which are proposed in [43, 44] and are based on hamming distance and Euclidean distance. These separation measures are applied for TFNs in the proposed model. In this respect, authors can cross-check the results and obtain the most representative ranking.
The closeness coefficient for each bank is calculated by using procedure of conventional TOPSIS [10] . Ranking order of all banks can be determined by using closeness coefficient.
The Proposed Algorithm.
The algorithm of the proposed fuzzy TOPSIS method is carried out in the following steps.
Step 1. Calculate the vectors weight of FPs by applying modified procedure which is developed in [15] :
Order:
Then the vectors weight of FPs,̃= [̃] 1× , can be obtained:
Step 2. Transform all crisp values of KPIs, into , whose domains are defined on a common scale [0, 1] by applying the vector normalization method [33] :
(a) For benefit type KPI , = 1, . . . , :
Mathematical Problems in Engineering 7 5, uncertain, modeled by TFNs, the linear normalization procedure [34] Vertex method
The proposed aggregation method, FTOPSIS [18] Decision making model with fuzzy data 5 3, uncertain, modeled by TFNs, the linear normalization procedure [34] Procedure is proposed in [36] The fuzzy averaging method, FTOPSIS [26] Evaluation of hazardous waste 8 5, crisp, the vector normalization procedure [33] n-dimensional Euclidean FAHP, TOPSIS [15] Evaluation of performances in banking sector 13 5, crisp and uncertain, vector normalization procedure [33] n-dimensional Euclidean FAHP (handling by [30] 4, uncertain, modeled by TFNs, the linear normalization procedure [34] Vertex method The fuzzy averaging method, FTOPSIS [20] Energy planning 4 7, uncertain, modeled by TFNs, the linear normalization procedure [34] Vertex method FAHP (handling by [30] ), FTOPSIS [27] Organizational strategy development in distribution channel management 4 5, uncertain, modeled by TFNs, a proposed normalization procedure [27] A proposed procedure [27] FAHP (handling by [30] ), FTOPSIS [21] Ranking of quality goals 8
10, uncertain, modeled by TFNs, the linear normalization procedure [34] Vertex method FAHP (handling by [30] ), FTOPSIS [23] Supplier selection of medical devices 5 7, crisp, linear normalization procedure; uncertain, modeled by TrFNs, the linear normalization procedure [25] Procedure is proposed in [36] Proposed method proposed in [28] , FTOPSIS [24] Ranking of resilience factors 6
13, uncertain, modeled by TFNs, the linear normalization procedure [25] Vertex method FAHP (handling by [29] ), FTOPSIS
The proposed model
Ranking of banks 5 12, crisp, the vector normalization procedure [24] Vertex method Procedure is proposed in [36] . The extension of method based on the Hamming distance [34] The extension of method based on the Euclidean distance [34] FAHP (handling by [29] ), FTOPSIS, the sensitively analyses (b) For cost type KPI , = 1, . . . , :
Step 3 Step 4. Construct the weighted normalized fuzzy decision matrix:
whereṼ =̃⋅ , V = ( ; , , ) , = 1, . . . , ; = 1, . . . , .
Step 5. Identify FPIS,Ṽ + , and FNIS,Ṽ − , with respect to fuzzy decision matrix asṼ
whereṼ
. . , ; = 1, . . . , ,
The values ofṼ + ,Ṽ − , = 1, . . . , , are given by using method developed in [41, 42] .
Step 6. Calculate separation measures: the distance of each treated bank fromṼ + andṼ − and + and − , respectively.
Separation Measure Based on Vertex Method [22] . Consider the following:
Separation Measure Based on [43] . Consider the following:
Separation Measure Based on the Hamming Distance [44] . Consider the following:
Separation Measure Based on the Euclidean Distance [44] . Consider the following:
Step 7. Calculate a closeness coefficient for each bank, , = 1, . . . , :
Step 8. Using closeness coefficient, banks can be ranked in decreasing order.
Numerical Example of Bank Evaluation
Regardless of the world financial crisis and complex problems in home economy, banking system in Serbia may be considered as stable. A prompt recognition of business and other challenges of the environment and defining and maintaining certain strategies as a successful answer to those challenges improved the banking sector performances up to the level of sustainable development in the last decade. Using analytical approach to consider market position and business results in the period 1/10/2010-31/10/2015, 12 banks were found to show leading position as far as sector structure is concerned. Only those banks having 80% share of the Serbian market are taken into consideration in this paper. Their business results show a significant influence on the overall financial results at the sector level.
Common KPIs (presented in Table 1 ) from financial reports from National bank of Serbia have been analyzed in the period of 1/10/2010-31/10/2015.
In compliance with the proposed algorithm, the following steps are presented. The fuzzy pairwise matrix of the relative importance of the considered FPs is stated: 
By using procedure for handling of FAHP defined in [43] , the vectors weights of FP groups arẽ 
The values of identified KPIs are presented in Table 2 as mean values of KPIs in the period of 1/10/2010-31/10/2015 from evidence of National bank of Serbia.
Applying procedures defined in Algorithm (Step 2 and Step 3), normalized decision matrix is obtained, as presented in Table 3 .
Applying procedures defined in Algorithm (Step 4 and Step 5), fuzzy weighted normalized decision matrix is constructed, as presented in Table 4 .
The following results are obtained, applying procedures shown in Step 6 to Step 8 of the developed model, and given in Table 5 .
The results of the sensitivity analyses are showed in Table 5 . The resolving closeness coefficient values are used in order to verify the proposed model. Considering the calculated closeness coefficient values, it is observed that various resolving closeness coefficient values almost do not affect the ranking order of the treated banks. Also, ranking order of banks slightly changes with separation measure. Finally, when separation measures based on vertex method are used [22] , as well as separation measures based on the Hamming distance [44] , bank ( = 3) is ranked at the first place. When other two separation measures are employed, bank ( = 11) is ranked at the first place. With respect to only FPs, there is only one most appropriate bank. According to obtained result, it can be concluded that it is necessary to analyze nonfinancial performances in order to determine the rank of banks.
With respect to bank rank, main manager and financial manager of each firm may choose bank ( = 3) or ( = 11) which presents partner of enterprise.
The next step of any investigations could be the comparison of the proposed model to other similar FTOPSIS which can be found in the literature. The presented FTOPSIS methods are very different compared with each other: research domains, the number of attributes and alternatives, determining of weights of attribute, alternative values, determining separation measures, and so forth. These main differences for comparative analyses are presented in Table 6 .
Basic difference between methods which can be found in literature and the proposed model may be stated as follows: (1) FPIS and FNIS are determined by analogy conventional TOPSIS and (2) proposed method is verified by using different separation measures.
Conclusions
Changes that occur in the business environment, in financial markets, especially globalization, increase demand on continuous improvement of bank effectiveness. It can be achieved by applying performance measurement and managing them. Employment of analytic methods may be a good choice when solution of some issue needs to be found in the exact way because it is less burdened by subjective judgments of decision makers. The goal of presented paper is to introduce a fuzzy model for ranking of banks. This issue is very important and may be illustrated by the following facts: (1) appropriate improvement strategy which has key impact on achievement and maintaining of organizational sustainability and market position over time and (2) stakeholders, where the business processes are advanced.
The AHP framework is used for the rating of relative importance of FP. It can be assumed that decision makers have specific preferences and demand prerequisites in relation to profile of ideal solution. It is close to human way of thinking that decision makers used predefined linguistic expressions which are modeled in this paper by TFNs. Handling of fuzziness and uncertainties is based on using of geometric mean that enables making full advantage of the fuzzy sets theory. In the last part of this paper, the proposed FTOPSIS method is used for ranking of banks in terms of their FPs.
The method could be very useful for management of banks to improve their management processes and organizational structure, market position, and so forth; the main constraint of the proposed model is that it only deals with financial performances, although the illustrative example has shown that nonfinancial performances should be taken into account when banks need to be ranked. The flexibility of the model is reflected by the fact that all changes, such as number and type of performances and their importance, can be easily incorporated into it. The proposed fuzzy model is also suitable for software development. Also, it can be mentioned that proposed model can be easily extended to analyze other management decision problems in the different areas.
Further research will be focused on (1) extending of proposed model with nonfinancial performances, (2) developing software based on proposed model, and (3) developing and applying fuzzy version of other MCDM methods as ELECTREE and PROMETHEE and comparison of results obtained in this paper with the ones from other proposed fuzzy MCDM methods.
